easy to use are required to maintain a common language when defining DRF. 2 We proposed a classification system, the Buttazzoni's classification, which introduced volar comminution as a separate parameter when evaluating DRF (►Table 1, ►Figs. 1 and 2). The interobserver reliability and intraobserver reproducibility of the Buttazzoni's classification were fair to substantial. 7 Furthermore, the Buttazzoni's classification could predict the radiographic outcome.
8 Volar comminution was highly associated with fracture instability.
8
The aim of this study was to determine the predictive value of cortical comminution and intra-articular involvement on clinical outcome of DRF regardless of fracture class and treatment option used. Our hypothesis was that the type of comminution and intra-articular involvement would affect active range of motion (ROM), grip strength, complication rates, and self-reported function, quality of life, and pain.
Patients and Methods

Patients
The regional ethics committee approved this prospective cohort study. Between October 2009 and September 2011, all patients with DRF presenting at the emergency department of two teaching hospitals were invited to participate. A total of 417 patients with a mean age of 56 years (range: 15-74 years) were enrolled in the study after informed consent. Exclusion criteria are presented in ►Table 2. We allocated the patients into two groups: age 60 and > 60 years.
Fracture Treatment
Anteroposterior and lateral radiographic views in neutral rotation were obtained to assess radial inclination, volar tilt, ulnar variance, and intra-articular step off. The on-call registrars, who had been trained on the classification, classified the radiographs. Dorsal or volar comminution was assessed on the lateral plain radiograph and was defined as the presence of a free-floating piece of cortex. Small fragments of 3 mm or less were not considered as comminution. All fractures were discussed at the weekday morning radiology rounds.
Fractures with volar inclination < 20 degrees, dorsal inclination < 10 degrees, radial tilt > 10 degrees, positive ulnar variance < 2 mm, and intra-articular step < 2 mm were considered to have acceptable radiographic alignment and were immobilized in a short arm cast. Fractures with nonacceptable radiographic alignment were reduced under local anesthesia using hematoma blockade or intravenous regional anesthesia and immobilized in a short arm cast. If reduction was successful, according to the same parameters as earlier, the patient was re-examined after 10 to 14 days. If the earlier parameters were still acceptable, the cast was retained for 4 to 6 weeks in total. Patients with fractures that The classification is hierarchical, and a fracture is always given the highest possible number from the presented fracture characteristics. Fig. 1 Presentation of the Buttazzoni's classification. lost acceptable radiographic alignment immediately or at follow-up at 10 to 14 days were offered further treatment with intrafocal pinning, external fixation, internal fixation, or combined method using the surgeons preferred method.
No fracture was operated on if proven stable in the cast. The treatment algorithm is shown in ►Fig. 3.
Outcome Measures
Clinical evaluation was made 1 year after the fracture. The QuickDASH, 9 EQ-5D 10 questionnaire, and EQ-5D health visual analog scale (VAS) 10 were used to assess functional outcome and quality of life. A research nurse blinded to fracture class registered the subjective questionnaires. An independent occupational therapist blinded to fracture class measured objective function including grip strength, active ROM, and pain VAS. The occurrence of carpal tunnel syndrome (CTS), extensor pollicis longus (EPL) rupture, and complex regional pain syndrome (CRPS) during the first year was either ruled out or confirmed according to the medical records and clinical examination. If the patient showed other signs or symptoms such as distal radioulnar joint (DRUJ) instability, paresthesia, or tenosynovitis, this was registered in free text. Grip strength was measured using a JAMAR dynamometer set for grip size 2. Each measure was attempted three times and the mean value was used. The contralateral wrist was used as control. Grip strength was expressed as percentage of the value of the uninjured wrist.
The active ROM of the wrist and DRUJ were measured in both hands using a standard goniometer. Flexion-extension arc, pronation-supination arc, and radial-ulnar deviation arc were registered. The total ROM was calculated as the sum of these three. Loss of ROM in the fractured wrist was expressed in angular degrees compared with the uninjured wrist.
Complications were documented as existing or absent for each diagnosis during the first year.
Statistics
A power analysis was performed based on comparing quick-DASH score. With a power of 0.80 and a significance level (α) of 0.05, a minimum of 32 patients was needed in each group to detect a 10-point difference (standard deviation 16) in quick-DASH among the groups. We assumed that a 10-point difference in quickDASH was the smallest effect that would be clinically relevant. 11 The effect of dorsal and volar comminution, intra-articular involvement, initial position of the fracture, age, gender, and treatment on ROM and grip strength was The variables were first analyzed individually using the t-test or ANOVA. Only those parameters with independent predictive significance using the t-test or ANOVA test were included in the GLM. A backward stepwise approach was used where nonsignificant variables were successively excluded from the GLM. The QuickDASH, EQ-5D, and EQ-VAS data are ordinal. Furthermore, the data showed a skewed distribution making the nonparametric test more appropriate. The Mann-Whitney U-test was used to evaluate the effects of dorsal and volar comminution, intra-articular involvement, initial position of the fracture, age group, gender, and treatment on these outcome parameters. The effects of Buttazzoni fracture class on QuickDASH, EQ-5D, and pain VAS were analyzed using the Kruskal-Wallis's nonparametric test with post hoc test. The data were presented as median with interquartile range. Mean and confidence interval for quickDASH are included to enable comparison with previously published studies.
Fisher's exact test was used to detect differences in the presence of CTS, EPL rupture, CRPS, DRUJ instability, tenosynovitis, or paresthesia. A p-value < 0.05 was considered significant.
Results
Of the initial 417 patients, 11 had bilateral fractures. These were excluded since comparison with an uninjured hand was not possible. Of the remaining 406 patients, 72 patients were lost to follow-up. This left the cohort with 334 (82%) patients who completed the 1-year follow-up.
There were 267 women and 67 men. The mean age was 58 years for women and 51 for men. Of the 334 fractures, 231 (69%) had dorsal comminution, 42 (13%) had volar comminution, and 130 (39%) had intra-articular involvement. There were 12 B0 fractures, 64 B1 fractures, 118 B2 fractures, 98 B3 fractures, and 42 B4 fractures. Age distribution did not differ significantly between fracture classes (p ¼ 0.341).
Analysis of the outcome according to the fracture patterns and patient characteristics at presentation is shown in ►Tables 3 and 4.
Displacement at presentation was associated with worse quickDASH (►Tables 4 and 5) and EQ-5D (►Table 4). It was also associated with reduced ROM and reduced grip strength compared with fractures with acceptable position at presentation (►Table 3). Dorsal comminution was associated with a worse quickDASH (►Tables 4 and 5), reduced flexion, and reduced prosupination arc (►Table 3). Volar comminution at presentation was associated with reduced extension at 1 year (►Table 3). Intra-articular involvement resulted in a reduced flexion-extension arc (►Table 3) and a worse EQ-5D score (►Table 4). Older age group and female gender were associated with a worse outcome in quickDASH (►Table 4) at 1 year.
There was a significant difference between noncomminuted fracture classes (B0 and B1) and comminuted fracture classes (B2-B4) in loss of total ROM. Significant betweenclasses post hoc tests for each arc of motion are shown in ►Table 6. The difference in ROM was manifest for fracture class (p < 0.001) also after adjustment for operative treatment (p ¼ 0.418), age (p ¼ 0.183), and gender (p ¼ 0.093). There were no significant differences in grip strength among 
Abbreviation: ROM, range of motion. Note: The p-values within the parenthesis are factor with independent predictive significance using the univariate t-test or analysis of variance. The pvalues in bold are significant according to the multivariate general linear model and excluded from the model. The p-values in italic are nonsignificant and not included in the model after univariate analysis. In all significant parameters, the presence of the fracture pattern was associated with a worse outcome. Regarding age group, the worse outcome was in the elderly group.
the fracture classes. We found no statistically significant differences in QuickDASH, EQ-5D questionnaire, EQ-5D health status VAS, and pain VAS scores among the Buttazzoni classes. Surgical technique differed among the fracture classes (►Table 7). No B0 and only one B1 fracture were treated surgically. Intrafocal pinning was the most commonly used surgical method in B2 fractures, while volar plating was used in most cases for B3 and B4 fractures. According to our analyses, operative or conservative treatment did not affect QuickDASH, EQ-5D, or grip strength. A difference was seen in the radial-ulnar deviation arc where operated patients had a reduced arc of motion. There were no differences in outcome in relation to choice of surgical technique.
Regarding complications during the first year, there were no significant differences among the Buttazzoni fracture classes (►Table 8). Of the complications, eight of the radial neuralgias were iatrogenic, four after intrafocal pinning, one after dorsal plating, two after external fixation, and one after combined external fixation and pinning. Three cases of CRPS were postoperative, one after intrafocal pinning, one after volar plate, and one after external fixation. Malunion was registered as a complication in the two patients requiring osteotomy. Otherwise, the effect of a malunion was reflected by the clinical outcome, that is, a malunion with a good clinical outcome did not have any negative impact on the results for that type of fracture. We had no postoperative infections and no nonunions.
Discussion
The present study showed that the initial position of the fracture was the parameter with the highest impact on the clinical outcome. Type of comminution and intra-articular 
Note: In all significant parameters, the presence of the fracture pattern was associated with a worse outcome. Regarding age group, the worse outcome was in the elderly group. Female had a worse outcome. The Mann-Whitney U-test was used. involvement also affected outcome. The Buttazzoni's classification system could predict loss of ROM between noncomminuted fracture classes and comminuted fracture classes 1 year after the injury. Functional outcomes, studied with quickDASH, EQ-5D, and pain VAS were comparable among the Buttazzoni classes. 16 The relationship between the degree of displacement and clinical outcome has been questioned in the elderly.
17-19
In this study, we evaluated the individual fracture patterns, presented at the initial presentation of the fracture, and their predictive value on clinical outcome.
Initial displacement was associated with loss of total ROM, loss of grip strength, and a worse outcome in quick-DASH and EQ-5D 1 year after the fracture. Our findings are in contrast with a study by Grewal et al 16 who found no correlation between initial degree of displacement and clinical outcome when evaluated using the patient-rated wrist evaluation (PRWE) score. In their study, only education level, injury compensation, and comorbidity were associated with outcome, while no injury characteristic, including the degree of initial fracture displacement, was found to significantly influence outcome. However, their study only included extra-articular DRF. Dorsal comminution was associated with loss of flexion and forearm rotation. Dorsal comminution was also associated with a worse outcome in quickDASH at 1 year. Our Table 7 Choice of treatment among the fracture classes (25) 9 (9) 8 (19) 47 (14) Volar plate 0 1 (2) 11 (9) 16 (16) 16 (38) 44 ( (4) 11 (11) 3 (7) 19 (6) Combined method 0 0 1 (1) 1 (1) 2 (5) Table 8 Complications registered among the fracture classes during the first year after DRF who found that union with a step in the articular surface was associated with loss of wrist mobility. However, since we have analyzed initial intra-articular involvement and not final step or gap after union, this study only evaluates the importance of presence or absence of intra-articular involvement. Volar comminution was associated with loss of extension. Our impression is that volarly comminuted fractures often displace with axial compression or volar angulation. In fractures with volar or dorsal comminution, there may be a shift in the arc of motion in a dorsal or volar direction without affecting the total arc of motion. Cowie et al 14 also found that volar comminution was associated with reduced extension. In their study, volar comminution was also associated with loss of flexion-extension arc and poorer functional score. The older age group had a worse quickDASH. We had no baseline prefracture data and this may have influenced the outcome. 9 Women also scored worse than men, but women were older. The well-established classification systems of DRF have failed to predict radiographic or clinical outcome in repeated studies. [3] [4] [5] 15 Some of them contain numerous subtypes, which give rise to confusion and unsatisfactory reliability. This has led to requests for a new classification system for DRF, predictive of outcome, and easy to use.
2,22
The Buttazzoni's classification system was introduced in 2009 as a simple, all-inclusive, and clinically relevant radiological system of DRF. It included volar cortical comminution, overlooked by previous classifications, as a separate parameter owing to its anatomical and biomechanical importance as the "calcar" of the distal radius. 23 The utility of this system by testing its interobserver reliability and intraobserver reproducibility was previously reported. 7 In a prospective multicenter clinical trial, the ability of the system to predict radiological stability was tested, and revealed that fractures with initially nonacceptable radiographic alignment and cortical comminution were highly unstable.
8
In this study, we aimed to evaluate the effect of dorsal and volar comminution, intra-articular involvement, and initial displacement on clinical outcome. We also aimed to study whether different Buttazzoni classes would show different clinical outcome measures.
The treatment algorithm used was based on previous experience by Abramo et al 9 who demonstrated good outcome in both nonoperatively and operatively managed fractures. We advocated initial nonoperative treatment for high-energy trauma if the fracture was reducible and stability was maintained with cast immobilization. Furthermore, we allocated the patients into two groups: younger than and older than 60 years of age. The reason for this division is the favorable clinical outcome in patients > 60 years reported by Young and Rayan. 17 Furthermore, Lindau et al 21 who studied the influence of age on DRF found differences in trauma mechanisms, ligament injuries, and triangular fibrocartilage complex (TFCC) injuries among the age groups. Most fractures in the young age group were the result of a severe trauma and were associated with ligament injuries in a majority of cases. In this study, we excluded patients aged > 75 years, as studies have shown that elderly patients may tolerate even severe displacement.
17,19
In this study, B0 and B1 fractures showed minimal loss of motion compared with B2 to B4 fractures. The reason for this could be more soft tissue injuries in comminuted fractures. The latter were also more likely to require surgery to maintain stability; however, after adjusting for this, the fracture type was still the crucial factor for the loss of ROM in the injured wrist. Despite of these differences, the loss of ROM was not reflected by a worse quickDASH or EQ-5D in this study population.
Karnezis and Fragkiadakis 24 found that in DRF, patients grip strength, but not wrist extension and flexion, was predictive of better self-reported outcome using the PRWE score. Wilcke et al 12 reported a similar finding regarding reduced grip strength but also that extension and ulnar deviation correlated with a poorer DASH score. Chung and Haas 25 concluded that the optimal cutoff points that distinguish satisfaction from dissatisfaction occurred when patients had recovered 65% of their grip strength and 95% of their ROM. The differences in ROM between fracture classes in this study exceeded this limit but still did not affect the subjective outcome. We chose to use quickDASH because it is commonly used and well validated in Sweden. However, quickDASH includes the overall functional status of the upper limb as a unit and therefore may not be responsive enough to compare functional outcome of DRF patients with small differences.
EQ-5D enables different dimensions of health to be combined to form an overall single index. We hypothesized that type of DRF could affect other aspects of health than those covered by the upper limb questionnaires. Initial displacement and intra-articular involvement affected EQ-5D negatively. Other fracture patterns and Buttazzoni fracture class showed comparable results among patients. These findings concur with that of Dolan et al 26 who evaluated health-related quality of life of patients with DRF. They found that the EQ-5D loss associated with DRF is $2%. They concluded that EQ-5D is unlikely to be sensitive enough and less appropriate to use when planning individual treatment.
The present study has a few limitations. The obtained results can be evaluated according to the treatment algorithm used, which is commonly advocated and has shown good results for both nonoperatively and operatively treated fractures. However, fracture displacement sometimes occurs later than 2 weeks, 8, 27 especially in elderly with three or more Lafontaine instability criteria. 27 Therefore, patients should probably be monitored postreduction for displacement for longer than 2 weeks.
8,27
The type of metaphyseal comminution was recorded as absent or as present. We did not register size or number of the free-floating pieces of cortex. Thus, comminution was a purely qualitative measurement. It is likely that a more extensive comminution will have a greater impact on clinical outcome.
We have not analyzed patient education level, socioeconomic status, and injury compensation. We assume however that these factors are evenly distributed among fracture types. Also, the choice of treatment and the experience level of the surgeon may have influenced functional outcome. However, only small differences among surgical techniques have been described despite numerous studies.
Most authors agree that no classification system is adequate to determine treatment and predict outcomes unless interobserver and intraobserver reliabilities is substantial. This level of agreement was only reached for two of the three observers and only in younger patients when the classification was evaluated 2009. 7 Therefore, the reliability of the classification system may be a limitation. Despite this, the classification was highly predictive of fracture instability.
8
A limitation of the classification is that involvement of the DRUJ and the TFCC is not considered. Despite numerous studies, it is still unclear to recommend for or against concurrent surgical treatment of distal radioulnar joint instability in patients with operatively treated DRF. 28 In a prospective study with a 5-year follow-up, it was found that instability of the DRUJ did not worsen the outcome using the quickDASH questionnaire.
29
At the time of initiation of the study, there were no wristspecific questionnaires validated in the Swedish language. The PRWE score was the most responsive instrument for evaluating the outcome in patients with DRFs in a review article of 2008. 30 The two available validated versions of the Swedish PRWE were unfortunately published after the initiation of this study. 31, 32 However, both these studies showed a strong correlation between the Swedish PRWE and the DASH (Spearman's rho ¼ 0.9 and 0.86, respectively). These limitations are counterbalanced by the strengths of the study, which is a prospective multicenter trial with an adequate sample size and well-validated objective methods and outcome scores.
Initial position of the fracture was the most important parameter in predicting clinical outcome. Type of comminution and intra-articular involvement also affected clinical outcome. The Buttazzoni's classification was predictive for ROM 1 year after DRF. Buttazzoni class did not affect selfreported clinical outcomes.
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